


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1975 


An analysis of response distributions from 
three different etiological groups of 
educationally handicapped learners. 


Oertel, Wolfgang W. 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/20742 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


| (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist sha Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


KNOX appointed — and published — scholarly author. 


i LIBRARY Dudley Knox Library / Naval Postgraduate School 


411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 





AN ANALYSIS OF RESPONSE DISTRIBUTIONS FROM 
THREE DIFFERENT ETIOLOGICAL GROUPS OF 
EDUCATIONALLY HANDICAPPED LEARNERS 


Wolfgang W. Oertel 


_—— = 


* 
—” 





LA 














t : i as Z Ht 
pW EUG 


i 





ss °% AS. 2s Sy. 0} a 
hj fs Ff €. t. & 
ay paces | xe 


E kccecs Seat 





Piwnderols OF RESPONSE DISTRIBUTIONS 
PO ea khee DIPPERENT ETLOLOGICAL GROUPS 
OF EDUCATIONALLY HANDICAPPED LEARNERS 


by 


Wolfgang W. Oertel 


Sepecmocr 19/5 





y UneseSe Ady 1 Sioan: Je Kee Cie 3 


* 2S Wines Ts 








Approved for public release; distribution unlimited. 


7 (CG Bae 





Unclassified 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 


. READ INSTRUCTIONS 
REPORT DOCUMENTATION PAGE PEEORT Coe eee 
” REPORT NUMBER 2. GOVT ACCESSION NO 3. RECIPIENT'S CATALOG NUMHER 
4. TITLE (and Subtitie) - 5. TYPE OF REPORT & PERIOD COVERED 
An Analysis of Response Distributions Master's Thesis; 
iMmolmwinreem1tferent Etiological Groups september 1975 






- PERFORHWING ORG, REPORT NUMBER 





Of Educationally Handicapped Learners 








. CONTRACT OR GRANT NUMBER(2) 






AU THOR(e#) 


Wolfgang W. Oertel 













AM ELEMENT, PROJECT, 
WORK UNIT NUMBERS 





- PERFORMING ORGANIZATION NAME ANDO ADORESS TASK 


Naval Postgraduate School 
Monterey, California 93940 












- CONTROLLING OFFICE NAME ANO ADORESS »- REPORT OATE 


Naval Postgraduate School 
Monterey, California 93940 












- NUMBER OF PAGES 







. SECURITY CLASS. (of thta report) 





- MONITORING AGENCY NAME & AOORESS (If different from Controlling Office) 







Naval Postgraduate School Unclassified 


Monterey, California 93940 






1Se. DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


- DISTRIBUTION STATEMENT (of thfa Report) 


n 


Approved for public release; distribution unlimited. 


17. DISTRIBUTION STATEMENT (of the absetrect entered fn Block 20, if cifferent from Report) 


116. SUPPLEMENTARY NOTES 


18. KEY WORDS (Continue on reveree elda th necestery and identify by block numter) 


Markovian learning model 


Educationally handicapped learners 


20. ABSTRACT (Continue on raveree sido if necoesary end tdantity by block number) 


In the area of special education there are two different 
mp uog¢eilesmeOwarads training: Ihe differential diagnosis 
poco mecominat ctroloocical characteristics affect prog- 
NestastOr werainimg and the behavioral approach asserts that 
PicmeccoWlMiucmOtmturainingeg are independent of etiological factors. 
Tomo -ciWwmelotmeme 1 0ctce regarding these positions, the response 
iis ti et wens OF three groups of language-handicapped children 


5 Ps cpeter sar oF; 


DD en 33 1473 — EortIon OF 1 NOV 68 Is OBSOLETE 


(Page 1) S/N 0102-014- 6601 | A 


SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 





line] Ble j eS e ] 


SECURITY CLASSIFICATION OF THIS PAGE hen Deta Enteoret. 





with different etiologies were analyzed using the Markovian 
téarning modei as a tool. The learning task was a remedial 
Pigti@ewinootammercatedaby the Behavioral Sciences Institute, 
Germet-. Caiitorniza. No differences were found in the learning 
Pare permicwelwenescesenoupS. Rather, a positive relationship 
SuppOLtineg the penavicoral Viewpoint was found to exist. 


DD Porm, 1473 


ent Unclassifi 
S/N 0102-014-6601 


SECURITY CLASSIFICATION OF THIS PAGE(Phen Data Entered) 








An Analysis of Response Distributions 
from 
Three Different Etiological Groups of Educationally 
Handicapped Learners 


by 


Wolfgang W. Qertel 
Lieutenant Commander, Federal German Navy 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 


from the 


NAVAL POSTGRADUATE SCHOOL 
September 1975 





a. 
\ 


i hn 





ABSTRACT 


iieeiomimedmot Special education there are two different 
approaches towards training: The differential diagnosis approach 
Bemeeo that etiological characteristics affect prognosis for 
training and the behavioral approach asserts that the results 
Meamperainine are independent of etiological factors. To obtain 
Mmomemevidence regarding these positions, the response distribu- 
mlomce Ot three groups of language-handicapped children with 
ditferent etiologies were analyzed using the Markovian learning 
model as a tool. The learning task was a remedial language 
paeeram ereated by the Behavioral Sciences Institute, Carmel, 
Mea ornia. No difterences were found in the learning patterns 
Semtnese groups. Rather, a positive relationship supporting 


the behavioral viewpoint was found to exist. 
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ieee LNT ROGDUCT ION 


Peete DIFFERENTIAL DIAGNOSIS APPROACH 

iietne area of education, and especially special education, 
the predominant teaching strategy is based upon the individual 
Beeemainess Of the child. This unique characteristic is cate- 
foameteeed accCOrding to etiological factors which are presumed to 
fave contributed to the development of the learning problem. 
Mimener, these etiological characteristics are presumed to 
fmeeecr progcnos#s fOr training as well as indicate the specific 
mernod of instruction. 

Siewresult of this type Gf approach to learning problems 
moma significant investment of time and effort in the area of 
@eeecrential diagnosis. One area in which this is clearly seen 
meri the area of language learning problems. Here, the pre- 
Poncenance OLwtests and etiological classification techniques 
mepear greater and more highly developed than are procedures 
to actually teach language to nonlanguage children. 

Pomeecachechilkd who has been referred to the psychologist 
because of retarded functioning, Kastein [Ref. 1] requires a 
meredith Study that takes into account the total developmental 
Meneony OL ne Child. She writes: 

Mimorccer svomceyvalwate language and speech development, a 
differential diagnostic evaluation of the language and 
speech development of the child should be made. A thorough 
Hhestory 1S Obtained from the parent, with emphasis on pre- 


Mele neo Nataly dia post-natal development, motor 
@evelopment, and Social maturity ... (Page 168) 





eee, sie melieves that the child's perception of spatial 
Peoeronsiips, vVisuo-motor functions, and gestalt perception 
are integral parts of language development. She argues that 
mmecemultciple factors determine a child's communication dis- 
Peder, Only a team approach of various disciplines can deter- 
Momemall Of the causative factors in the impaired function of 
Panguage. This knowledge of multiple etiology is necessary 
mimerder CO assure adequate training and rehabilitation. 

Mechal-onmten {[Ref. L| also stresses the importance of 
Emenouogy aS a Vital factor in establishing valid therapeutic 
and educational techniques for the handicapped learner. Deal- 
moewith the special Case of mental retardation, he states: 
meet noush we may arrive at a general diagnosis of mental 
Mmminadtton, tt 1s also necessary to establish a differential 
ienocis, that 1$, to attempt to determine the etiologic 
factors in mental retardation." (Page 318) 

Euebunmeeberry j[Reft. 2] develops an educational plan based 
Meer eroup INnStruUuction, not individual tutoring. She recommends 
sioner ent longitudinal studies, including a case history and 
Mime study of developmental factors contributing to the child's 
language behavior. Her suggested case history would contain 
Miomlatron about family history, pregnancy data, perinatal 
imietory, ald socioemotional development. In her guidelines 
eile argues that it would not be sufficient only to analyze the 
Spat ranowace behavior, but that the crucial deficit in the 
G@hitld’s languace behavior is often discovered by observing 


meeonerdecetseon behavior. “It may not seem important," she 





foes to note GCyvadences of motor awkwardness or bizarre 
femement Patterns in avoidance of objects or in accommodation 
mmootce, If 15 important, however, because poor psychomotor 
Semcdnation may be the first notable sign of a central neural 
iemiert that also may have affected the child's language." 
(Page 191) 

Diem tewSee@m three authors were presented above. Convinced 
Minmemenc Olly CfteCctive teaching strategy for a handicapped 
Pere r tse one that 1S built on his individual specialneéss, 
miewmare typacal representatives of the differential diagnosis 


eppnoach . 


fee int BEHAVIORAL VIEWPOINT 

Hiekewusmam alternate point Of view, however. Arising 
femevalliy from a basic, perftormance-oriented approach 1s the 
Mimbosopay that 12t 15 more important to describe the child's 
m@etual language abilities and needs than to chronicle his 
developmental past. Most behaviorists, however, still recognize 
Mmaeadwcurological Classifications. Arising from this general 
Pi wicomaimunusialily ditterent position which presumes that 
Mieewehedchlcilt tl associated skills may be present, these 
factors do not adversely affect prognosis nor do they influence 
Miemty pe Of training which should be used. 

Meicmemoenmocder, and Uschold [Reft. 3] considérgthe diag- 
Moen pigeicess as) basically consisting of after-the-fact 
labeling because the problems always have been identified 
Pemovemtnicndiaenostic sessions ever bepin.'’ (Page 15) They 


ie weeeigemenes lapel applied to the child serves merely as a 





canemion t£Or some Kind of administrative action, such as 
placement into some special program. They feel that the 
meoiestic precess tells nothing about a child that was not 
already known because nothing is added to the fund of knowledge 
Brow the child. Moreover, the diagnosis provides no informa- 
tion about what to do with the child after placement changes 
moeemade. Moving a child from one classroom to another is 
Sovvousiy an administrative action, and it is not an act of 
Mnderstanding or explanation. The authors strongly reject the 
pepular Opinion that there is a method of teaching reading to 
Peeom-aingiured Children, for example. They argue that there 
are a variety of ways, and the way each child learns is nct 
Perea ty srelated to the actual brain injury. Accordingly, 
the method of teaching should be determined by the observed 
needs of the individual child. They attack the differential 
diagnostic approach sharply: 

We are saying that grouping children on the basis of medi- 

Ceeyeccimined Grsabilaty dabels has mo practical utility 

Monicmsechoois,  Cariidren should be growped on the basis 

of their educational needs, and these needs may be defined 

Dime anveniibcr Oreways, The notion that simple labels, 

Moet moyenne Stats aththoritires from outside the school, 


Emould Serve asm@a basis for grouping children is basically 
nothing more than a refusal to accept responsibility for 


making educational decisions. It is educational laziness 
(Page 19) 
fond : 


The history of the close association between medical con- 
cepts and special educational practices has led to the 
meoierigteirsenly ene could find a basic cause of a child's 
problems everything from that point on would be easy. In 
leooteiiemmrilc we aiscwOr agediscase is usually directly related 
(Ov, lts treatment and cure; obviously, it is assumed by 
malocyveeneesame Dreeess must be truce in education. But 
Mma taneces If 15 mOt true, and in such instances, 


IL 





amr cle as in those instances where it is true, there is 
nothing that can be done that is relevant to knowledge of 
the basic cause. (Page 43) 

Peabiete ket. 4|,observes that one must distinguish in 
pmysically disabled persons between the physical defect and 
mee mandicap--a distinction rehabilitation counselors are 
Mecmlyeaware Of--rather than assume that the physical impair- 
Meme iS Causing the handicap. 

Gray and Ryan [Ref. 5] see the usefulness of any diagnostic 
mierectyeonly £Or the purpose of reducing the number of clinical 
Seeroms that are potentially available to the teacher. There- 
fore, any question whose answer does not reduce the clinical 
cemmions 1S Said to be not related to the task and should be 
meeaeedn.  Ihey, tOO0, argue against the assumption that no 
teaching can be successfully accomplished until the original 
cause of the problem has been determined. They point out that 
Mmmhesseclinical options are available which are responsive to 
@eamditions such as birth weight, duration of labor, etc., it 
immer iculiero see any relationship between the information 
Miamecd and 1€5 intended use in formulating a teaching 
whawecyetOr Language, Whey conclude: 

The functional clinical questions to be answered are (a) 
Wivet dees the child do (or not do) now?, and (b) What 
Should the child be doing? Clinical strategy must answer 
Pewduectron Of how to get from a to b. If the philosoph- 
ical model of interrogation provides us with inappropriate 
questions and useless answers, we should look for a more 
Amore sset Of Operational procedures to help in the 
construction of a strategy for language training. (Page 8) 

This then is a selection of arguments from the current 


Diner atu@esolespecial education, the latter representing the 


belilayioral Viewpoint. This selection is representative of 


JL JL 





miomoanpuncnussot both Sides, but it does not reflect the correct 
mmopemtson OLethcir adherents: The behaviorists still form a 
minority. 

fee MORE EVIDENCE BY AN ANALYSIS OF 

BeakRNER RESPONSE DISTRIBUTIONS 

Thus, it would appear that a paradox exists between the 
diagnostic approach and the behavioral viewpoint. The diagnostic- 
etiology philosophy has a long and respected tradition to support 
its use and claimed validity. On the other hand, the behavioral 
feeeeronm just described has only a brief history and is not 
mi iesomaccepted. However, a large body of data does exist which, 
meceneads a whole, Seems tO Support this latter position. 

If the advocates of the differential diagnosis approach are 
Mmiaiiwei-c., it a COmmect teaching strategy for a handicapped 
feommen can be built upon his andividual specialness only, then 
Simomimieans nothing but that handicapped learners learn differ- 
eine lt, Om the Other hand, the learning process is the same 
for all learners--regardless of etiology--then, obviously, the 
peimeviOrnNmst’S Viewpoint iS justified. In that case only one 
teereorence sieuld be observable: A difference in the rate of 
rewmisttdens But differing rates per se can hardly be a cri- 
terion for handicapped learners as, clearly, the same phenomenon 
Pewter Vvcaminonemiionnandreapped learners, too. 

Mimiiecrtommetos obtain more evidence, the author thought 
it helpful to explore on an analytical level the two positions 
MmemccucHtlonm by sactually testing for any differences in learning 


due to different etiologies. 


eZ 





iiemhe VonsesatStripution of learners can be described as 
a finite, absorbing Markov chain, where states represent the 
Jevel at which an item has been processed by the learner. The 
Markovian model constituted a unique tool for the analysis 
mpeenaed. That 1S, by noting the parameters of a Markov model 
amd the pattern of their changes an investigator can make rela- 
mevely Strong inferences about the nature of differences 
weeurring in the learning process. 

iremtecas@orlity of Such an analysis was made possible as a 
moulin Or the author's association with the Behavioral Sciences 
iicertitce Of Carmel, California: data were readily available. 
Members of the Institute have developed a procedure for pre- 
paring language training programs for nonlanguage children. 
This procedure, ‘'Language Training through Programmed Condi- 
tioning,'' 1s based on a mathematical structure. The total 
language program consists of many subprograms covering different 
feo Oorecrammar. Lhe goal of the total program is to teach a 
Student a grammatically intact oral language. Each of the 41 
PioobetGams GCONSIStS Of a series Of steps that sequentially 
motiead Student until he reaches a desired objective. The 
total program is designed to test the student continuously 
to determine what subprograms he needs, when he has completed 
BeoUbprogran, amd when he has special problems that require 
Stepping back (branching). 

The programming procedure is used to achieve the goal of 
foraineaesuibpecs trom a specific unlearned state for a given 


feeiinidtleae response £o a learned state for that response. 


RS) 





The major strategy is comprised of stimulus-response consequence, 
Mmeeguciuly referred tO aS Operant conditioning. Often the 
Permiee stave cai he achieved most effectively by reducing the 
unlearned state to a number of small steps which are learned 
mia Sequence. 

The "Monterey Language Program" of the Behavioral Sciences 
IiMsctirtute does exactly that and thus provides unique strings 
Gi Sstimulus-response events which result in a most basic level 


emebearning data. 


ieee, HYPOTHESIS 

Numerous nonlanguage children with all kinds of etiologies 
Seeeinvolyed im these programs. This, the author believed, was 
a good opportunity to perform the analysis intended. When the 
Giagnestic approach to language-~handicapped children is justi- 
imea ene would expect Significant differences to show up between 
Siebadren' Ss response histories, arising from a different learning 
process due to different etiologies. When, on the other hand, 
meron reant pOSTtive relationship exists in the learning 
Pewiecmounchtidren Of different diagnostic categories, this 
undoubtedly would support the behavioral viewpoint. 

Data from three categories of educationally-handicapped 
enildren were investigated: mentally retarded, deaf, and 
DinicCudle by echoOOSIng those three, the necessary, clear, 
mnecmciianp-cutsctlological distinctions seemed to be very well 
established. As the first category may be comprised of dif- 
ferent etiologies, an additional division was performed within 


temo neupemiased on 10. Accordingly, category I(a) represents 


14 





meeroren with an 10 greater than 50, commonly referred to as 
educationable mentally retarded (EMR), and category I(b) 
lemresecncs the group with an JQ less than 50, usually called 
trainable mentally retarded (TMR). 

Two null hypotheses were required to test the relative 
merit of the two theoretical viewpoints. The first hypothesis 
States that there is no difference in the learning patterns of 
fomarcapped Children from the above-mentioned categories. 
Rejection of this null hypothesis would support the view of 
Miewaititerential-djagnosis approach. The second null hypothesis 
Pattee oethat ~LMere 1S no positive relationship amang the learning 
Macon Nancicapped Children from the different diagnostic 
Pees Omtes. i1Nis Second null hypothesis 1s necessary in the 
eueme that the first null hypothesis has to be accepted. Re- 
Temmeron Or the second null hypothesis would force acceptance 
meameie wahternative hypothesis that there is a relationship 
Aionomieheanriineg trends Of handicapped children regardless 
of diagnostic categories. This state would support the 
behaviorist approach toward remedial language learning. 
Acceptance of both null hypotheses would imply that the 
feootminomoer each Child is highly individualistic and unpre- 
dictable--either because of experimental error or because of 


icmiiinictcnreunreliability of the process. 


ee 





Witwer N LAL PROCEDURE 


iock’PliON OF CAPEGORIES AND SUBJECTS 

MIT subjects tor this analysis were randomly selected by 
their teachers. Their learning data were sent to the Behavioral 
Semmences Institute, Carmel, where the author again randomly 
selected five completed program steps from each subject's data. 
ferievere lt was nol possible to get the desired quantity in all 
cases. 

P2eeon, 1(a) consisted of 10 educable, mentally retarded 
(EMR) children from Houston, Texas. There were 6 males and 
4 females in this group, 6 to 13 years old. All were regularly 
Mmomeed ii public Schools, but in special classes. Their [Q 
imeed trom 60 to 70. One child was observed over four program 
meacijoer all others over five. 

Category I(b) was the trainable mentally retarded (TMR) 
mEoup. bach of 5 males and 5 females, / to 13 years old, were 
observed over five program steps. The data came from Bridge- 
Pomeemcommeet leit... ach subject's 10 was below 50; diagnosis 
was in all cases brain damage or Down's syndrome. All of these 
fiataren wall probably need custodial care all of their lives. 

Category II consisted of 10 deaf children, 6 males and 
ecioheoeerponea1rttebd. California. Their ages were / to 
10 years. All of these children used total communication (oral 
with manual signs including morphological CNG Ties Vibe Seles 


Sroupvonly one child could be observed over five program steps. 
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For the others, the available data allowed only an observation 
Over two Or three program steps. 

Peewee iewas the bilingual group consisting of 10 
Mexican children, 7 males and 3 females, from Castroville, 
California. They were 7 to ll years old and had to learn 
mmolish as a second language. All children in this group 


could be observed over five program steps. 


fee tit LEARNING PROCESS MODELLED AS A MARKOV CHAIN 

The intention to use the Markovian model as an analytical 
BOOlemecessitates further development of its theoretical prin- 
emmbess According to Atkinson, Bower, and Crothers [Ref. 6], 
the simplest representation of a learning process as a Markov 
chain would involve just two states, an unlearned state (U) 
fiemeeebeatmed state (L}. Once a subject has moved to L, he 
teleciways respond correctly. As long as he is in U there 
SemccT Camp probability, Pp, Of a correct response to the 
Seis ins probability should be close to chance level. 
Pimgemer, 0 each trial in U there is a probability, c, of 
Movenesinto b. The transfer to L can occur only when a subject 
Makeseanm error while in U and as a result selects the relevant 
eWemtoucolve the task. The subject will try many cues, make 
Baeo~eeyeand «inally select the correct cue necessary to solve 
the task. Once the relevant cue has been selected, the proba- 
eh mOmEswcceccaing Correct responses 1S 1.0; that 1s, the 
ewloneccet as arrived at the absorbing state L. 

Based on this theory, Coombs, Dawes, and Twersky [Ref. 7] 


femaverctiic £oObhlowine structure of the Markov chain: 


I 





er ole te I 


= L Pte Om ince i) 
Iv il 0 It 
Prial n 
U € re p 


The left matrix shows the transition probabilities between 
merees trom trial to trial, and the matrix on the right is a 
Probability vector for correct response over the conditioning 
memeeoe Om trial n. If on trial n the subject is in state L, 
Memwill, On all subsequent trials, stay in state L, and the 
Mim rdual will respond correctly. If the item is in state U, 
Sane become Conditioned to the correct response, i1.e., move 
fPeomaercesl tOr the next trial, with probability c, or otherwise 
memaid unconditioned, and the probability of the individual 
mesponding correctly is p. Lis an absorbing state because 
[memeannot be left, and 1t can be reached from state U. 

There are two major assumptions in the model: The first 
Pema temoeess ive presolution-trials, 1.¢€., the responses in 
Meee statist tcally independent, and the second one is that 
PeeesOlUtION responses are stationary. 

The first assumption of independence means that the proba- 
Weeercy Of a success on any presolution-trial is the same 
Mmermeardless OL what occurred on the preceding trial. Thus, 
programmed learning tasks with binary decisions are considered 
aeeinadenpendent Bernoulli trials in this model. 

It is helpful to define a random variable = elec Ie eesti 
miemresponscc Of 2 Particular subjcct on an arbitrary trial n 


of the cxperiment: 
18 





i ee esuprcece makes an error on trial n 


x ={ 
z (eLocmeouibgrect 1S €OTrect On trial n 


Peenesubject penerates a particular trial sequence of values 
of the random variables Xy2 Xoo cers Xp To test for inde- 
modemce Of presolution trials, the conditional probabilities, 


Pr (X 0|X, = 0) and PaO fy = 0 |X, = 1), must be compared. 


eal 


Memerials are independent, the conditional probabilities above 


mit 


eromexpected to be equal. This can be tested by means of a 
Chi-square test. 

The assumption of stationarity says, basically, that sub- 
feeeasae NOt display any change in their performance over the 
Memes Or Presolution trials. The probability of an error on 
fpr ial hbetore the last error remains a constant, so there 
wrourd be no evidence of learning in the presolution data. 
iMimsemeans that over any block of n trials prior to the last 
G@Eor the distribution of the number of correct responses made 
ieee sub|eCtS 1S given by the binomial (p + aye. where p 1S 
the guessing parameter that can be estimated from the data and 
awe p. een Simple test which 1S Sensitive to the trends 
Papen cacn imdmvyidual’s response sequence 1s to compare the 
number of successes in the first and second halves of each 
Pliiect Seseries Of presolution trials. If each individual 
is not improving over his trials, then the number of successes 
in the two halves should be equal, except for sampling varia- 
Tene er ete ceot nity be performed on the difference scores 
between the first and second half in order to determine whether 
the data are stationary. 
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man eOecesmis DOEnsIncependent and stationary, then it 
iasmene DroOpertyetiat the probability of a given state is in- 


dependent, both of the trial number and the preceding states. 


See tHe MARKOV MODEL AS A TOOL 
Atkinson, Bower and Crothers [Ref. 6] use the Markov model 
momcderive predictions regardime statistics obtained from the 
mieervenle response sequences. In an effort to test how well 
these predictions fit the actual data, most of the statistics 
used in this analysis have been evaluated in two ways: (1) by 
mamnowtirc prediction formulas and (2) by using the data directly. 
tiemiumnper Of Sequential statistics that can be tabulated 
mimmpreateted by the modell are practically unlimited. The most 
Mmipomtanlt CiNabacteristics Of the model, however, are station- 
aus eronG incependence and the distribution of total errors. 
meson, et al. (Ret. 6G] showed that 1f these statistics con- 
PiimeEoe tne predictions Of the model, then in practice the 
iPematmnimeg Statistics accord well with predictions. 
tine mone relevant ereiecies used in performing the analysis 
meewaetinea below: 
Peemoveralimorobability Of a Correct response. (if the sub- 
Neemectaknsoueme trial in U, the probability of a correct 
mesponse 15° p) 


MoasoOvetailprobapility Of an incorrect response 


il 
1 


Medan number of errors 
Ope Stand@ardeaeviativon ot T 
eer ieesommlcariing (robability of going from U to L) 


Mme eStondanrd deviation of ¢ 
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L = mean number of trials on which last error occurred 


o,= standard deviation of iE 
H = mean number of successes intervening between two adjacent 
EGroOms 
o,= standard deviation of ie 
mx 0|X, = 1) = The probability of a success conditional 
Upem tke Occurrence Of an error on the 
Pmevuems: trial. 
oO, = 0;x, aim Miemmnrepabitity of a success conditional 
DiCMmenemOGclrrence Of a2 Success on the 
Paee VOU Sere tal 
ioametor independence —- [he independence of presolution trials 
Doemnecctcdsby means OL a Chi-square 
Gest. 


Test for stationarity = Stationarity was tested by means of 
a hone CmEOnmed ON the idittferenge 
scores between the first and second 
halves @f presolution trials. 


MaeSecestatistics are tabulated in Tables 1 and IJ. The 
computational formulas are shown in Appendix A. 
Utes airalysis Was pertormed in the following order: 


1) Tests for independence of presolution trials in each 
Samed Ory; 


Pyelests £0r stationarity of presolution trials in each 
Gabeeor y 


SmooMpuedriOneOd sequential statistics for each category 


4) Tests for differences between categories by means of 
direct comparison and analysis of variance 


iebasedeenme4). rejeecelon Or acceptance of the first null 
ea DOmemics mS. 


6) Correlation of model predictions and actual outcomes in 
Ele mee tue CO ry, 


7) Based on 6), rejection or acceptance of the second null 
MyvoOEnes ts. 
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Lire keouULTS 


feeeeacClUAL AND PREDICTED LEARNING OF CATEGORICAL GROUPS 

iicetaw data from all subjects are located in Appendix B. 
Mmiiesesdatd represent each subject's sequences of responses, 
correct (represented by the symbol 0) and incorrect (repre- 
wemecdeby the symbol 1). The “solution criterion" was 20 
moeteocdeive GOrrect responses. That is, whenever a subject 
generated 20 correct responses in succession, he was assumed 
memmave moved £oO the learned state L. The last 1 in each 
string represents the last error that occurred before reaching 
Mi ttesdata, the sSolutiom state responses have been deleted, 
emcee they are a string of O's. 

Statistics describing the learning performance of each of 
the categorical groups are shown in Tables I and II. Table I 
beeesences Ehe basic descriptive statistics, while Table Il pre- 
Sentes those Statistical parameters that are descriptive of the 
Mipiutea! results and are also predictable from the Markov 
model. The computations are shown in Appendix A. As explained 
puevrously, each group had 10 subjects, and the number of pro- 
gram steps that the data are based on were 49 and 29 for 
groups 1a) and II, respectively. The program steps were 50 


for the other two groups. 


ZL 





TABLE J 


Wiser lp iiyE PARAMETERS OF THE PERFORMANCE 
OEaeIEGORICAL GROUPS 


Group Poveane teins 
P(X ie 0|X= 1) Pe 


7S > 
a 
‘e) 


ee 0|X,= 0) 


n 





I(a) EMR .798 .719 Replay 4.96 .202 

I(b) TMR SS .715 Pe S00 5 1s 

I] Deaf ea 726 .795 4.79 .209 

ieieBalingual| .777 Fog 806 6.04 .165 
TABLE II 


EVMPRGAh AND PREDICTED PARAMETERS OF THE 
PERFORMANCE OF CATEGORICAL GROUPS 


Parameters 





Group 


On ie a on 





I(a) EMR 


Actual ees Ss esmOzees2o 20.50 3.10 

Predicted] 24051 3.95 4.43 .026 24.00 4.22 
I(b) TMR 

Actual EOS eS «9.3117 31039: 2.98 

Predicted] 35.24 3.41 7.48 .017 34.74 3.87 
mi Deat 

Actual Cnn SSS 158° 19-74 2.91 

eethie CUeon 574520 055 21.58 4.04 
mim Bilingual 

Actual mises “9207 26.02 3.91 

Deneeeeicees 48 5u52 A020 26.68 =—3.95 


aS 





Bee INDEPENDENCE AND STATIONARITY 

ee weg twomerticilal tests of learning performance with 
Mespect *to the Markov model are those for independence and 
meeroiarity, Since Other aspects of performance are closely 
iermated to these characteristics. Independence was tested 
Pyepecalculating for each subject in each group the observed 
Pmeamency Of the four possible sequences (1,1; 1,0; 0,1; 0,0) 
Seamenen COmputing the Chi-square values by means of the 
maoroprilate £ormula for a 2x Z contingency table (incorporating 
MmiemeOrnrection fOr continuity). Whenever subjects had cell 
entries with expected frequencies of less than 5, the data 
meremecanbined with aS many adjacent subjects as necessary to 
eatablish a frequency of at least 5. Then the obtained Chi- 
Square values within each group were summed and the degrees of 
iecedon determined according to the number of independent 
Seatistics added. 

The obtained values of Chi-square were 12.38 for group 
meee. (oetor croup I{b}, 6-02 for group II, and 19.04 for 
feoromlil> At che 54 level, Chi-square values of 12.6 (df=6), 
reece oO) ie tetdt = 5), and 15.5 (d£=8) are critical for 
mre erouns, respectively (all computations are in Appendix A). 

iiemualwtenorelomi4 from group I]] is significant. However, 
it is 1 program-step (from subject 9) out of 50 that contributes 
Mmmomoune OL sl0n bo to the total value of 19.04. Obviously, 
this program-step is an outlier and has to be removed from the 
aiakysis im Order to avoid biasing the data: without this 


boarcicular step the obtained Chi-square value for group III 
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Pe ovewiteneis WOl Sigmificant. Accordingly, it was concluded 
that the performance of all groups was consistent with the 
independence hypothesis. 

PidirOnaimity was tested by comparing the proportion of 
Bommect responses in the first and second halves of the pre- 
fwemueton trials for each group. These proportions are shown 
mombabple Iii. The difference in these proportions for each 
maowpewas tested by a direct-difference t test, and the obtained 
fpemett istics, as well as their associated degrees of freedom, 
aewols®o shown in Table [f1. None of the obtained t values 
Mogemsigiiticant at the .05 level using a two-sided test. 


(Computations are in Appendix A). 


PBI a is 


PROPORTIONS OF CORRECT RESPONSES AND t VALUES 
POURS oAT POMAR ITY OF CATEGORICAL GROUPS 


PaO emt 1OlmecGr rect 





Group lst Vial need halt df ie 
I(a) EMR 458/565 483/565 48 1.82 
I(b) TMR 665/848 688/848 49 32 
II Deaf ST TASK 28 96 
III Bilingual] 502/640 529/640 49 1.54 


wel eol FOR DIFFERENCES 

liGmecctmrlubttiner £01 amy aGirferenecs among groups, analyses 
of variance were performed for p and T. These are shown in 
ies Y dnaslable V, respectively. The parameters py euquat a 
Meme cllosen aS they are basic parameters on which other sta- 


meeees depend. For both; p and T, the null hypotheses were 


tS, 





mileiic@e are No Gdittermences among group means. The analyses 
oeeempertormed at the 5o level of significance. Accordingly, 
fre critical F- value is F 9c(3,56) = 2.89. The chosen level 
Gf Significance did not allow the rejection of one of the null 


Mypotheses. (Computations are shown in Appendix A.) 


DAS tale 


ANALYSIS OF VARIANCE OF p 


Source dt SS MS F 















Groups cs) a02 6 POS 67 1.045 





Residual ~ 299 5 Ores 


TABLE V 


ANALYSIS OF VARIANCE OF T 


Source df SS MS 

















Groups 5 Goel 5 Le Mee Os Lay, 





Residual 536 S22 2 8.96 









Total oF 505.6 / 


Deco L ALTON BETWEEN PREDICTION AND ACTUAL OUTCOME 
PomemiidecmiomnOnreestdblishing a positive relationship among 
erececorieal groups, correlation coefficients between model 
Mecirecumei and actual data outcome were determined within each 
group for parameters L and H. Besides the standard deviations, 
milecemarc the Only descriptive parameters of the empirical 


results that were also predicted from the Markov model. 
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In each case, the null hypothesis was tested that there is no 
Seerrelation between predicted and actual data by means of a 
Weaison product-moment correlation calculated for each group. 
imemeritical Value of the product-moment correlation for 9 df 
meine 54 level of significance is .521. The correlation 
Sgemeretents are shown in Table VI. (Computations are in 
Peeemaaxe A) In ali cases, the null hypotheses of no corre- 


maemonm had to be rejected. 


Eabiens vt 


CORRELATION} COEFFICIENTS 
BETWEEN 
NODES PREDICTION AND ACTUAL OUTCOME 


Groups 
Parameter I (a) Cb) ta HAP IL 
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Pie Locos 1 ON 


itempetrornance Of Cach categorical group, in fact, proved 
Homme independent and stationary after removing one highly 
Slomiticent program step from the data of group JIJI. There 
are different possible reasons that may have led to this unusual 
meeomse sequence. One could be that the subject in that par- 
Mmeemiar Session responded obstinately to a real or imagined 
Semeeernin Ceacher behavior. (In a pilot study the author found 
ear Or rcintorcement, for example, has those effects on 
learners.) , 

meecording to the Markov model, independence and stationarity 
Ser coolution trials are critical and sensitive indicators of 
fee ing learning patterns. Based on the observed high corres- 
pomeermce Of these indicators among categories and the associated 
pmiinvcies of variance Of p and T, the first null hypothesis of 
no differences among categories had to be accepted. 

item cauemeral Statastics listed in Tables I and II weil 
Mmeasmatenania Lurihner justify this decision. For example, 
Gomppabine the values of p, IO 


= 0 {XU De 2 CO. i= 0{X = oie 


seal! coal 
heand o,, over the different categories the high extent of 
agreement becomes clearly apparent. Differences among the 
categories in the rate of learning (Cc) and in rate-related 
statistics, such as the mean number of errors (T) and the mean 
Member of trials to last error (L) showed up as expected but 


Mme ateoom =) (Db), Only, Which was included in the analysis as 


Mmebowrex treme On the [Q scale. 
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(iivemimalyeiseot Variance of T proved that, although 
Peepectca tO dO SO, even the mean number of errors did not vary 
mien as tO result in a@ significant F-statistic at the 5% 
iteye ll. 

Milow re -Statistic in the analysis of variance of D would not 
memotoniticant even at a 305 level of significance which is a 
Sem~ene argument for the validity of the Markov model: If D 
was different within or between groups, the assumption that 
fiemicea CueSSIng parameter in independent Bernoulli trials 
would not hold. 

Miewacceptance Of the first null hypothesis necessitated 
Miler analysis to test the second null hypothesis stating 
itimenere sts NO positive relationship among the learning trends 
Cememmianen £rom the different groups. One way to test for 
wae POSELIVe Gelationship was to determine for each category 
Miemeerrclaetion between model prediction and actual data out- 
come. For both L and H, the hypotheses of no correlation had 
to be rejected in all groups. The relationship between predicted 
puomaetual results accounted for about 70% of the variance in 
H and 99% of the variance in L over all the groups. This is a 
OomteewOtmimendata, forcing the rejection of the second null 
ipppothesis. in the case of L, a contrary decision could only 
Pomescamonsauresidual of less than 1% of the variance. Thus, 
as each treatment category learns according to the same model, 


memcamene comeluded that they learned in the same manner. 
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V. CONCLUSIONS 


The findings strongly suggest that the learning process is 
Mmiemsame £Or all subjects involved in the analysis. Undoubtedly, 
the results support the behaviorist approach toward remedial 
language learning. 

Maevughie une Study Concentrated On language learning exclu- 
Sively, the uniformity of the findings suggests that the results 
ieeemela tor other learning subjects as well. 

Mmererences im learning rates are not restricted to etio- 
Pojemeamr categories Of handicapped learners; rather, they are 
“mmcatvrdual Characteristic that can be found among all forms 
mmpemeamte Lite. Iheretore, special classes based on rate 
would be more meaningful than those based on etiology. 

Perorocteal characteristics did not affect human learning 
Peete wise in this study. The possibility remains, however, that 
Seen et21Ological characteristics and other learning tasks may 
wieweameectrological effect on learning. Such effects must be 
@emonstrated empirically, however, if they are to escape the 


moaim Of Gon)]ecture. 
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APPENDIX A 


COMPUTATIONS AND TESTS 


ieee COMPUTATIONAL FORMULAS FOR TABLES I AND II 
(iewotdtiot@ese listed in Tables I and II were computed 


according to the formulas listed below. 


SPAviSTic Pie eee Gab ON ACTUAL 
p _ See ll 
q me eS 8 
= = -- * 
0 Gare 0/X, 1) 
— — _- =~ * 
ORS aa 0[X, 0) 
Independence == ‘ 
Stativonarity -- 4 
S 
u _ ay ae 
C -- 1A 
S 
a yy. 
e il /oke .2, L,/s 
7 S 
H Clseu) i271 Hey ace 
| eee 
HIKE a ~ F correct runs 
a cit eva =e [oT - CTU /(s a 
d 
O. yi etic) 1 /s [uc ,* - ( —= | / Css) 
aa ae 2 ae ) 
OF E[L] ¥l- ac ee ee eee) 
on 
On ¥(1 - q)/q’ Vile = a Ea a) 
=o cCc COMMU ert TOM On next page. 
Se eoraienunber Of program Steps. 


Vi iomuibacmone model prediction from Ref. 6. 


oe 





Bee leois FOR INDEPENDENCE AND STATIONARITY 


Category I(a): 


TeS@esor independence 





Hy: ae 0 | 0) = Pec ue). 
Hy: Pie nga ey) a ae ect |) 
Let a = .05 
» _ (|AD- BC| - N/2)? N 
X(1) ~~ (A+B) (C+D) (A+C) (B+D) 
SEQUENCE 
SUBJECT al 10 01 00 y? 





feo + 9+ 10 


TOTALS 


2 
Geet aes) 5 12.6 


>< 
elk 
eh 
Hl 
Hl 


Memeo es LZ. 0, accept Hay. 


Goes A. = 670) 

Pr(X_ 4, 701X, OP are lt 
7 ae 

PoCemme Ll) = 525 = «719 

= = = - 990 = 

p = ie aT 0) T1950 oye Sl 


Sy 





Gategory I(a): 


Weet £Or stationarity 


M@ehesubyect'sS presolution trials were divided into two 
femves and the proportion of correct responses in both 
Wives was determined (last error excluded). A t-test 


morserin on the difference scores. 


ional proportion lotaimpcoportion 
Gomwrec t COrrect otal 
marst half second half difference 





458/565 Meroe O15 +25 
Ho ue — oO 
Hy u F# 0 
bet, @= .05 
t = me Seeo) here a = We ee Oka 7/5 
a/v Ss Si 
= 25 
X = oy a yO ke os (reror —etleers oo 
j= 1.822 


eteeaeeo2s 7 


Pw oOCMmmonmmcoran: tf) >)200)1 or t < -2.01 


NS peaceemnt Hy. 
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Ciecwory si (b): 


Mese,tor independence 


eee oo 01 X= 0) = Pr(X,,-01X=1) 
ala eee 01X70) f Ors 0 | X= 1) 
het a = .05 
2 _ (JAD - BC! -N/2)? N 
X(1) ~~ (A*B) (C+D) (A+C) (B+D) 
SEQUENCE 
SUBJECT sla 10 01 00 a 
1 Di 46 46 104 Gio 
2 4 Da 28 109 .5062 
3 10 45 45 155 .2544 
4 19 Sal cy. 83 1.2468 
5+6+7 14 59 62 253 .0043 
8 21 29 30 104 6.0459 
9 6 Le dee 50 . 8643 
10 10 40 esi By 3.4436 
TOTALS aT. 279 286 1075 992 


2 — 
Sue SIS eueeea (OK oe 
NomeluZ ro Janel oO. 5, ACeeCpt Ho 
: _ Z Bee we 
POC oe 0S 0) Tae, = + 189 
c = oa = 279 = 
ea OC 0 X= 11) zg 7 715 
AS ; s 2 WS ae 
p = alee 0) TTET ES 
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Category I(b): 


Hest for stationarity 


Mmagecalire: oee category I(a), test for stationarity. 
moual proportion Toralepnroport 10n 
eoOrrect eam ee i Forced 
mirst half second half difference 





665/848 688/848 +25 
Ho: yu = 0 
H, u # 0 
Let @ = .05 
= we =x) /S 
% Se [eet sales sen 
16 = Cesare) ; where Co — e i 1 
oy So 
Y = 23 = = = 
X = tO 46, Uo Uo) 2.468 
for 1. 52 


Cqeal®, ae 20a) eeeee 


Lemceetonenresaon: = t = 2.01 or t < -2.01 


Wns accept Ho 
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Category I1: 


mest for independence 





Hy: Page 0 |= 0) = er | Xo =) 
H,: Pe OS eg OD 7 ae ees) | <1) 
Let a = .05 
2 _ ({AD- BC|- N/2)?_N 
X() (A+B) (C+D) (A+C) (B¥D) 
SEQUENCE 
SUBJECT 12k 10 01 00 vee 





LOLALS 


2 = 
he 5) at 05 aa 


AGmOnUce<ni iT. accept Hy 





_ ik Oe 
Pear - 0X =0) = 493 ie 
wn ye ee 
Se : . 2 eae 
Da Oa ae Go sie tek 
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GAavegory Il; 


ioe fOr Stationarity 


Paeoecdire: —oee Category (a), test for stationarity. 
etal proportion Roerlw proportion 
Correct Geowrec t Tore 
fonist halt second half difference 





Wo 295 2A5 7 293 1G 
Ho: yp = 0 
Hy u #7 O 


bon a = .05 


Nis 2 ae 
, = Clevo) , where O = Besta) /S 
of/¥ § 
X = 20 = 13448, uy = 0, o = 1.9323 
29 : 3 O 3 ° 
Ee =. 961 


eaeaeo25 1952 


MeompecG@tmonmrecclon. t > 2.045 or t < -2.045 


initio aiceep tl Ho: 


oa 





ereceory Iii: 


tess fOr rzidepencence 








Hy: PS OC a. = Pr(X 7 Ol XP) 
H,: PaO o aa) i eee ao) As) 
Bet q = .05 
3 PeGeP eee wN/ 2) N. . 
XQ) — (A¥BY (C+D) (A+C) (B+D) 
SEQUENCE 
SUBJECT ei 10 01 00 y? 
leer 2 oi AZ 
3 ~0109 
4 1.2840 
S Bans .000008 
7 2.9294 
8 oa 
9 OO 756 
10 Sy OSes 
TOTALS 96 196 205 846 Bo 058 7 
x? = Sos 
df=8 at .05 ; 
Nombomuaie 2s los, reject Ho 
é = C= = mee = 
Pr(Xi ay O}X, 0) Tag = +806 
Pr(x_..=0/x =1) = 228 = 1671 
har dk n Zoe : 
ie = L042 
p = Pr(X4479) = Tzq] id 
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S| 


Pee=29at.025 


Gacecory Lit: 


West for stationarity 


Procedure: See category I(a), test for stationarity. 


ioral proportion Tow spiro poOr tron 
ECOUrcct correct Odea | 
iS tt we bt Seconavnalt difference 





502/640 529/640 a i 


BBCSO! Sinereo = EXy = (2X4) F/S 
= 4 = 154, up = 0, o = 2.476 
= 1.54 


ZO 


Lemieerronenerzton:; t > Z.0l or t < -2.01 


mins, accept Ho: 


$Y) 





meeecOMPUTATIONS FOR TABLES IV AND V 


1) Computations for ANOVA of p 












GROUP 
SUBJECT (a) I (b) Il lola 
766 Mo? 2688 .819 
2 .706 PoOome 677 .788 
3 854 .784 .762 .550 
4 852 Moe oS2 =. 682 


SLL 





8.046 





(eto TOG 


So eaal 7 GeoO eG OG)-+ 1047 (5779)° 2. 716) = 
=> ao25 
_ (8.046) + (7.756)? + (7.338)? + (7.606) 
SS = ; 
group 10 
= .026 
oe otal 28 oun 


mers = (2026) 


= BS, 


40 


CO 
40 


(30.746) 
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mye Computations for ANOVA of T 








GROUP 
Tees) rer een 
14.8 4.0 76 
: 10.8 6.4 Se as 


ye 2 


eal (7.0)2+ (10.8)2+ ... + oe Ae 
= SOOO 
group 70 
Os. LO 
SS res = total | 5° oroup 


=—eeoowo = 65.115 


me Ce. oe 
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Ii 


COMEUTATEONS FOR TABLE VI 

Comeclation for |, 

Category I(a) 

Pete s=sadeuual data and Y = model prediction 


Pas valwesc were computed aécording to L = ae 


SUBJECT q c x Y 





Ho: yy = 0 
Hy: Tyy > 0 
ie (Cle re) S 


: n EXY - (£X)(rY) 
XY VmiX = (EX)? Mn?" (EY)= 


Mele goeseoe4) (242.1) (241.76) 
valitotueGm seman eai2.y> /10(6426.67) - (241.76)2 
.99883 


XY,df=9, at .05 ~ °74! 


Pome II oo = 521, reject No: 
42 





Correlation for H 
tategory I(a) 
iets = actual data and Y = model prediction 


ieeevaruies were computed according to H = “<4 





Let a= .Q05 


n EXY - (EX) (ZY) 
XY Va (X27) ~ (EX)? YNEY?~ (2Y)7 


MNO eT) | 571 045.15) 
PP MMEIOSO = (57550) V10(225.0777) ~ (45.13) 


Ss VBS 


aede seomer oo5  ~3¢* 


NG aero > ol, reyect Hy: 
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Gomrelation for L 


Category I(b): 


Pea. e= de¢tlal data and Y = model prediction 





fw Were COMputed according to L = 


SUBJECT q c X Y 





Let a= .05 


iE n2XY- (2X) (LY) 
Y 
Yn EX 2-( 2X) 2 “ney 2-(£Y) ? 


10(14822.67)- (357.4) (352.64) 
¥10(15052.76)-(357.4) Y10(14611. 58) - (352. 64)” 


5 E18» 


“or die=o, ay 0S 0 22S 


we sons 21, rej,ect Ho- 
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Worrclation for H 


@Waecgvory I(b): 


Let X = actual data and Y = model prediction 


ieee values were computed according to H = — 


SUBJECT q 1-q x Y 





Hy: Tyy = 0 
Hy: yy Sor) 
Let =e) S 


eee NY) 


ae re OX VnDY-= (LY) 


Ghee 5 4 Oe os 2b) 


Se ness) 24.5) Vi0oo46)- Gs. 55)- 


SSIES Ie 


odes 05 || 


NeemmOo) SO 75,521, reject Ho: 
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Garrnelation for L 
Gazecory If 


Mote, = actual data and Y = model prediction 


1 


feevalties were computed according to L = qe 


SUBJECT q c x Y 





Let q = .05 


= eer) (DY) 
aa 7 — 
Vue ewer ynryY?-{ yY)~ 


| 10 (6418. 3)- (224.35) (229.26) 
Beemer MOMGGPIEIONIC 7 = (2 724.55)- V10(6575.19)2(229.26)2 


-9914 


ame =9, at 05 °° 


oe 2 owe > .oZl, regect hig: 
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commetlation for H 


Carevory Il 


Memes = Actual data and Y = model prediction 


Y values were computed according to H = ~<4 


SUBJECT q 1G ik Y 





Hy: Tyy = 0 

Hy Tyy > 0 

Let q = .05 

~ ie) = ( Xx) One 


Se Vnixe=nxy? YnZY*= (2Y)° 
Plo SS al 2105503) 
Se MMe (272). V10CIS2.69)-(65.03)2 


1g 


ZOE S 


"yay ¢ieQ), ae 0 boa 


MeO Roe eel), rejyect Hy. 
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Gorrelation for L 
factegory ITI 


Let X = actual data and Y = model prediction 


1 


iavaimes were computed according to L = q°c 


SUBJECT q c X Y 





Ho yy = 0 

Hy yy > 0 

eee q = .05 

z Meera (2X) (ZY ) 


XY asX2- EX)? EVeC EY)? 


Geo), (2,704) (271.18) 


neues) =(270,4)- VE0(8912.99)- (271.18) ¢ 


HI 


eos 


yy,df-9,at .05 °° 


Nom os oa o2l, reject Ho: 
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Sercelation for H 


Category IIl 


Meee = actual data and Y = model prediction 


Y values were computed according to H = a 


SUBJECT q Leg x Y 





Let OLS m0 5 


a MPO (Reo rOnO. 
oe a 
Vappea eG) - vn DY OS ny ) * 


TO TSS | GSS LO) et 
/10(341.07)-(55.04)2 VY10(144.07)-(35.91)? 


Oe 


Tyy,df=9, at .05 — °>41 


see ol) (eee | be yee t Ho. 
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acezory I (a): 


Subject 1: 


Srp yect 2; 


Suioyect 3: 


SUb)ect 4: 


Sep 
I 


2 
5 


Ke PENDIX Bb 


RAW DATA 


000011000010001000000000000001 
QOVDDLODDDDVDODDNDLODDDDDDDODDODNN0D0DNNL 


DODDDDDDNLOLONDNDDVODDDDND ON DNNLODDODNLOOONOI 
0001 


Oa REE 


OO COOL TOLOOLTLOLIOOL0LLTTO0001II 


00001 

OODDD0D00000000000LLOILIL 

00001 
OO0DDDDD00DDDNDDNDDDNLODDDDDLODDNODONONOOIL 
0001111001000000100000000000010000000000 
O0D0D000LNDDDDLOODDONOODONDONOOL 
OODDDDDDDDNDDDLODDDDDONDNOLOOONDODONOILIL 
O0ODDDDDDDNDDLONDDNDOONOONDONONNILI 
1O00110000000011 

LO00D00L11L0000001 

000000000000 001NDDDDDNDDNLODIDDDDDDDVD00000 
001101000001000000000000001 

000001 


0000100000010000000010000010000000001000 
O01 


0011000000001 
ont 
0001LO01L1LNODDDNDDDNDDDDDDDDDDDITODDDDDDDNNDOLO 


Ol 
30 


- 


~~ 





earegory I[(a): 


supiect 5: 


Subyect 6: 


SuDVeCct /: 


Supe ec to. 


pep 
1 


2 


ia 


0000000000011000010000000000010100000001 
110000000000000000001101100101 


00D0D0010000000000000000001 
000001 


010000001 


0010101010011 

00100101 
0111000010001001000000100011000000001 
000110000001000101000110010000000000101 
0010010000000000100111000100100100000010 
000000001 

uO OT Os es 0s es Ios Os es nO Oe ORONO ORO ROROROLOROD melenenenenem menene 
00000001 


1101011110010110111000000000000000001100 
00111000000001011000011000000100011001 


000110000110010100000000001 
00001 


LOQDDDLODODODLLOOOVNVONOL 


00001 

0000011 
0000010001 
000000001000001 


00000000000 LIDDDDNDDDNDDDDDDLODDDDDDDOVLODO 
00100000000000000000001 


aa 





Gacegory I(a): 


Suogeet 9; 


emojyect 10: 


Step 
1 


Z 


00000000000100000000010001 
0001000001011000000011 
000000100000001 
01000000001 


0000001 


O0O0DD0D0000000000L10L 
VOLO COO TO TO] 
0001 


0001 


a 





weeegory I(b): 


ppject 1: 


Supyect 2: 


Eeovect 3; 


Suinjpect 4; 


Seep 
il 


2 


1000001 


POO Or TOL vovoTOLeOOCOL00LOOOLLOON 
00101100110001 


POOL OL CO 0 LOO OOO COTOO TINGE ol 1 
00000000000001001 


0000000100000100010011111011000101000000 
0O1000000L10000000011010000111 


01010000100100000000111000000000000011 
0000100000011011010000100100010000001000 
0000000000100000000000100000100000010000 
101001001000000000001 

00100001000001 

0010011 

O00L1000000000001 
0000010000000000010001100000001 
1000001000010001000000101000001011000001 
0000100000000010001000010001000011100000 
0100001 

10000010001001000001001 


1000010000000001010010100000000000101001 
10100010000001110000100000001 


O0OD00000100000001 

01000000001 00010000000010000000000000011 
010100000001100000001 

OOO OOO EN 


POO COOOL LO Ooo LEO OOOO EOF 
LOT TOO UC OT 


0000010010000010000001001011001000100000 
0000000010000000000010001010100001110011 


0000000000101 
Se) 





Pacesony I (b): 


Subject 4: 


smo j;ect 5: 


puMyect 6: 


Suogect 7: 


De Glo: 


otep 
> 


ib 
Z 


0000000000101 
0001L001000000000000000001 
101 


000010000000110000000000010000000001101 
100000100000000001 


0100100010000010000101000000010000100000 
0000100000000000001101100000001110100000 
OOO 00 1 


0101101000001111100010000100010010000000 
10000001 


0100000000000001001010000000000000001010 
000000000000 0000001 


OOLODOLONDNODDDONNLOVOOVONL 
00100001 


0000000010000000001000010010110000001000 
Ol 


001 


ODDDD0000000000001 

Ol 

00000001 

001 

0001 

0001000000000000100000000000 000000001000 
00000000000001100001001000000000000001 
0000100111010011000010100011 


0010011100010001000000000000000111100001 
OA 


One 


54 





Gaterzory 1(b): 
Seep 


Sub ect 8: 2 OCOM OG TOQUE IO SIT OTOL SE Teh eto era a 


Subject 9: 1 111000000011 
2  0111010000000001 
3 000010000110010001 
4  000000000000101000000000001 


s 0O000001 


eepject 10: 1 0010100000000000000000100010000000100000 
O0000001 


Z 0000000001000010000000000000010010000000 
OLIL1L1L00000000000100000000000001 00000000 
000001000000 0000000010000100000000000000 
0010000000000001 

5 COE 

4 0000000001001 000000000000000010000000000 
OVDDDDOLITOOLLOOOOLILLOOODNDVDDNDVDDVDN0DNNNN 
IS} 


5 O0ODD01O000000110000L 


ee, 





Mecerory Il: 


pupyect 1: 


euipyect 2: 


Supwect 3: 


Supyect 4: 


pulbsect 5; 


Soy eet 6; 


Soe T se 
if 
2 


110101111010000010000011000000001 
00100000100000000001 

O1 

10011 


Chal 


00011 


000001001000101001000100101 


0000010001111001 


0000101000110000000000110000010000000100 
00001000001 


000000000001000100010101001001000100001 


JIC 
IPOAEOE 


00000001001 


~000110000010000000000001 


OO1NDDDD0DDNDDOLODNNDNDNDONDDNDNDDNNDNNONDLOOOL 
00000001 

0010000000011 0000000NN00NNNDNLONDOOONODNONILIOL 
it 

O0000000000001 


110000000000100001 


26 


a> 





Watcgory Il: 
Step 


suojyect /: 1 
2 


Beye ct sg: 1 


emgpect 9: 1 


pepjyect 10: 1 


001 


Pe OO OG 1 


000010000000010001 
0000100000100000010111000000001000100001 


100000001000000000000001 


00001 
O110000001LONDNDNDDNDNDNLOLIONNNDDONDONDNN1LONO 
L1I1ODNDNNNDN1ONNNNDDNNDNNNLONLONDNLOODOLCOONOLI 
0000000000000000000110000011010100000000 
0100000000001 00000000001 
00100100000000000101 


001 


a7 





eavegory III: 


Subject I: 


Eubgect Z: 


Seoyect 3: 


Subgect 4: 


Step 
1 


1110000000000000100000000100011000010100 
O01 


001 

110001000000000000000100001 
0111000000100010001 
0011001000000010000000010001000000000000 


0000001001000000000000000100000001000000 
00010000001 


1000110001000010000000000010000001100100 
000000000001 


010001000000001 


0OODDD000000000LVNDDDDNNNDNNDDDDOLODODDNODLODN 
001 


0000000000 LODDDDDDDDDDNDDND00L1IDD0000000000 
00001000000000000001 


1111111110110000001101001000000000001010 


1100000001000110111011111001000010001000 
01000001000011100001001 


000010000010000110:.(00000000010000000001 
OGIO Caet 

000100001110110000001 
111110111010000000Ci00C0000001 


00001 


0000000000001001000010000000110010010000 
000000000001 NDNDNNNNL 


000000000000100000001 
10010000001000000001 
000011 


0000100001 


58 





S2ecsory IIT: 


Sipjeet 5: 


saopect 6: 


Subject /; 


SM beel a: 


step 
I. 
VA 


00000100000000000001010000001 
OO0OO00010L0001 

000000000000000011 
00000101000000010000100100000000000001 


L11010000000000010000000001 


LOCO TOT TOOITOLOrOu0LTOOOL TTT 


000000001 0N000N000010000000100000000000000 
1000000001 


010000010L01LN00N000000000000101 
00000000010001100000000L1 


1000000000111 


000000000000000001 
01 

0O0O0000000000001 
00001000001 LOLIII 


010000001000000000001 


00000100000000000000001 

0001000000000001 

0001001 

1000101 
LOLEOOVOUTOLOOGO1TO 1 POTTO O00 LOO000EOO000 


1000000100000000101100110000100100000000 
000000001000100010000000001001101000 


ao) 





waAtegory li EOE 


subject 9; 


supyect 10: 


>tep 
1 


2 


O111001 
10000010000001001111100001011100101 
O01 

OO OmsOn: 


0010101 


00000001 
WBA SUG AL TOG ot 


1001000101000000006100100111010101000001 
l , 


L1LO0DDDNDNNDDDNNDLONDNDNDNNODNONL 


O33 
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